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A. INTRODUCTION AND CLASSIFICATION OF COMPLEXES

This article is concerned with the role of heavy group 14 element carbene
analogues MX, in transition metal (M") chemistry (M = Ge, Sn or Pb; X is
a bulky monohapto ligand: X = CHR,, NR,, OAr® or SAr®™’; R = SiMe,,
Ar® = C,H,Bu’-2,6-R™-4, R’ = H, Me or Bu‘). Various types of complexes,
many of them containing an M'-M bond, may result from reactions
between the germylene, stannylene or plumbylene MX, and the transition
metal compound L ,M'-X’, as illustrated in Scheme 1. Thus MX, may
behave in one of seven principal ways, designated Type 1 to Type 7: MX,
may act as either a terminal (Type 1) or bridging (Type 2) ligand; it may
insert into an M’-X’" bond thus generating the new ligand MX, X" (Type
3); it may behave as an N-centred nucleophile with respect to a compound
containing an M'—H bond, thus generating a new MX, species in which
X=M'L, (Type 4); it may act as an X transfer reagent (Type 5); if
X = NR, (R = SiMe,), it may oxidatively add to a low oxidation state M’
centre by virtue of a C-H bond in M(NR ), with concomitant cyclometalla-
tion (Type 6); or it may function as a reducing agent (Type 7).

In Tables 1 and 2 we summarize data on transition metal complexes
derived from various MX, precursors; typical syntheses are illustrated in
Schemes 1-9 and eqns. (1)-(4).

There have been three reviews dealing with transition metal complexes
based on MX, [1-3], of which two have dealt explicitly with the role of
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MX, as precursors for their complexes with transition metals [1,2]. Excluded
from Tables 1 and 2 are complexes containing (i) SnHal,, e.g.
[SnCl,{Co(CO),},] [16]; (ii)) SnHal,, e.g. [PtCI(PEt;),(SnCl;)] and their
germanium(II) or lead(II) analogues [17]; and (iii)) a base adduct, e.g.
[Cr(CO)s{GeBr,(NMe,)}] [18]; these are well documented elsewhere [3,19]
and fall outside the scope of the present work. Also excluded are complexes
(iv) prepared from an M(IV) precursor (M = Ge, Sn or Pb) by either
reduction, e.g. [Fe(CO),{SnPh,(THF)}] [20], or oxidative addition, e.g.
[PtCI(PPh,),{Sn(CH,Ph),Cl}] [21]; (V) containing a polymeric group 14
metal-centred ligand, e.g. [W(CO)s{Sn(OH),}], [22]; and (vi) containing a
porphyrinato-M ligand, e.g. [Mn(CO),(u-Hg)Mn(CO),{Sn(tpp)}] (tpp =
tetraphenylporphinato) [58]. Some exceptions to the exclusions (i)—(vi) are
made for X-ray characterized complexes.

The sole monomeric MX, precursors (X being a monohapto ligand)
which have been used as sources of transition metal complexes have been
those in which X = CHR, (a monomer in solution), NR,, OAr® or SAr®
(R = SiMe,; Ar® = C,H,Bu’-2,6-R™-4, R’ = H, Me or Bu’). Apart from the’
work by Cardin and collaborators (Scheme 8), such chemistry has emerged
exclusively from our laboratory. (Added in proof: The paper by Veith, Stahl
and Huch [81] reports on rhodium(I) complexes of SnN(Bu‘)SiMe,NBu'’ in
which there is unusual Cl~ bridging of adjacent tin atoms.)

The first heavy group 14 element carbene analogue (“metylene”)-derived
transition metal complex was [Cr(CO){MX,(THF)}] (MX, = GeMe,,
SnMe, or SnBu), obtained in 1971 {7]. Such a complex is classified in
Tables 1 and 2 as being of Type 1’. Related complexes may have the base
stabilization provided by intramolecular neutral donor ligation, with M
being in either a four-coordinate environment, as in [Cr(CO)s-
{Sn(SCH,CH,),NBu’}] [6], or a five-coordinate environment, as in
[Pt(PPh,),{Sn(acac), }] (acacH = MeCOCH,COMe) [8]. The first Type 1
complex derived directly from an MX, precursor was [Cr(CO)s{Sn-
(CHR,),}] (R = SiMe,) [28], reported in 1974. A rather special case of a
complex bearing a terminal MX, ligand is one in which there is a short
bond between a ligand attached to the transition metal and M; we refer to
this as a Type 1” complex, and it is exemplified by cis-{Rh(CI)(PPh;),{Sn-
(NR,), }] in which there is a close Cl- - - Sn interaction; this was described
in 1988 [68].

There are several complexes having MX, as a bridging ligand; the atom
M can then be regarded as having become tetravalent. The Type 2 com-
plexes [(M'(CO){p-M(NR;),});] (M'=Pd or Pt, M=Ge or Sn) were
reported in 1985 [70]; they were obtained by treating the appropriate Type 1
precursor [M’{M(NR,),} ;] with carbon monoxide.

A coordinated MX, moiety may not only be stabilized by a neutral but




269

"89] [{*(“ANDus ) (FudaXiD)wg}-sm
‘82 ‘(souwIsSIp W---[D 1oys) Surdpuq-rues st _[D oY) yomym ur puedny ‘YW [eunuis) e Summiuod xojdwod [elowr UOnISURI-0IO[YD
e 0) s1o§a1 | 1 2dAL | T[] [{(AD)*(,ng)us}$(0D)1D] ‘82 ‘puelSy X [eunuis) pazijiqeis-oseq [ennsu e Sutureiuod xa[dwos e of sIvjar [
adA1 « °, N JO 215yds uoneuIpio0o Sy} Ui Spuedi| I9YI0 [[e Jo wms 3y = “T ‘o *D-lt = ,dD ‘COWIS = Y :suoneIAdIqqy "Ansmusyd (, )
[evowr uontsuen ut (puedi oydeyouour € st X qd 10 US ‘20 = ) XN sen3o[eur 2usqIED JUIWI[A 1 dnoIB £AvaY oY) JO 9]0 oY '[ SWIYOS

T pue | 9 = ,N pue 3D = W ‘[y1] ‘&2 YTanad + [HH00),d00N] woy

uoNvLIWOPA> Y(TaN)us + [Z(oeoepN] wouy [Hi(0o-" YU 00X dD)on]
puv LCYN)W u1 H-D Jo uonippy sanvpixo [L{(TaN—)(oeoe)iN}l ‘[€1] (us = w) 82 -[€(00),dD)onlaal] ‘l6] (ad = w) "§2
(¢ °dA1 *f2) [{THOLWISCON(CANIDWIHNT] |. 1ma8va1 H-, 01 19adsas ynm
(z %KL “f2) ["LEHOTNISCONENIN-7 TN 1) sfsuon _x sv TXW apmydoapmu pastua-N v YCYN)W
(1 adiy “f2) :Nmn_vao_ziﬁzamzvz*m.<_‘F__ _xu.. ) [H 1L W]
9 HdAL S HdAL v HdAL

a8 (Supmpas) Supvuriopyoap so TxXW

(“1%0) Wl woy [“1K] —_—
XN

L 3dAL
(00 ") (00 “ ) (supydsoyd ‘“yo)
[{YTaNdousKErad)(io-"nd)l-suear “[z1] “8:2 _Eﬁmzvoo.ﬂ:oovﬁz ‘[sz] 82 _Eummov_énﬁooho_ ‘lo1] “82
puoq ,X-,W oy uonssul X puvsny Ixw SuSprg pusSn Txp munise ]
L xXTxXw- ") _eq.?uxzus.zf_ [Exw-w*1)

€ 3dAL T 3dAL 4o} BdAL



270

SWIOJE U} 0m) 9y} sefpuq

18 @9L5T _1D ‘Aer-X “YWN d PUB H, €1 [“(fuddXus ‘us ) PWIS (,nAN)US Y}
(et
10 - -2D 11D FurBpuq-Tuss)
89 (De€'T Ker-xX WWN d ¢ PU® H, sul FCuad{ *(*aNIeD } O}
89 WWN US,;, PUe D, ‘H, €7 T EAaNus H A (“aN)us- Y(poo)qy)]
_1D SuiSpugq
89 A[8uts "YIIN US, Pue D ‘H, I € (@) *(*aN)us }}(Poo)ny]
Ael-Y
89 (DL¥9'T AN US,;, PUe d . D, ‘H, € {EFEaNDDus}(F1gdXpoo)ay]
89 (Ds89°C Ke1-xX “YWN US, Pue O, ‘H, I € [{2(CaNIOUS G T(POo) Y]
89 ANWN US,  PUE D ‘H, 3 {F(*AN)PUS } ( TPOO) Y]
T ANN H, I CEC{EEANUS HIO-7)v)]
9¥'T- W H’D
10 . SNUd “*H’D = HIV ‘ "'H?D = suoxe
DY = HIV ‘QUa-¢-XoY-Sup.4] = JUdY[B)
T (DpssT Aer-X “YWN H, € [F{*(CaNDIDus J(ouae-b XHIV-)0y]
X4 (®)L€95°T Ker-X YN H, £ [{2CCaNDUs P H®O- 1 XoWud-1 )]
(oW 10
vl WWN H, ¥l 3 14 =X) [{X*(CANUS}(ODN*HD - U)od]
I WWN H, I € - [{F(*aN)gus} S (0Oun]
8 (Dzese ug 2)eUIpIO0d-oAY ‘Aei-X “WWN H, “dI 1 {2 1NN’ H D)us } (00)M]
(us 100D =W
1 NN H, ¥l I ‘M 10 o =, W) [F{F(ANON P (00), W-suvs
(ug 109D =
I AWN H, I I ‘M 10 o D =, W) [{*(*ANOW} *(0D), NI
I AWN H, Al 1 {2 (ANuS oW (FH® DL )os]
o YIN- N syusWwo) adAL e Xo[dwo)

aATIRALIDP ® JO (SONIS = Y ‘qd 10 US ‘90 = ) “(*UNDIN Furureinoo saxo[dwiod (, ) [erouwr uonisues],

197T4VL



2711

“3ui3puq-ruos

JINID - - - OS[E ST 219Y) YoIym uf jng ‘puediy LXN [euruud) e Sutaey xo[dwoo ® 0) s19a1 [ 2dAL |

"pazLIORIRYD KRI-Y U39Q 9ARY YOTYm SOLIdS ay) JO asoy) sareudisaq a
*3USIP-G*1-B1900[240 = Pod pue SN “(*HONCIIND: = o1 ‘OIS = ¥ SUOnendIqqy

vi
4
89

89

89 ‘€T

89

18

(019
(9T
" (9)L8Y'T

*(gsT

(Iwese

Kei-x
ANWN US, PUBId

Kel-x
AWN US  pueld

Ker-X “YNNd
WWNH,

ANWN US (1onppe Ad ou ‘ug = | ¥0J)

(1)9€9°C

(D81¥'T
(Do9r'T
(9] £X w4
*(£)89r'T
(€)szeT

(I¥9s't

(1)895°C
—(1)925°C

pue amnoﬁ .nm_m .:~
Ker-X "YWN H,
NN H,

Aer-X NN H,

Ae1-x 4NN H,
AN US, PuB D ‘H, ¥I
NN US,;,
pue ui
(v (e)vLe
‘D - us D SuBpuq-ruos)
Ae1-X "N d, PU% H,
ANN USg;,
PuUe IS, ‘d, ‘O, ‘H, NI
swiole Uy om} s3aBpuq _[D
'y reprure1kdiq reuodin
Ke1-X YN d, PUe H,

I

(pd)L ‘1

o

— - N -

9/¢ 1

1
9/T
9/1

(qUS 109D =N Ud = I ‘qUS
1090 =W ‘Pd =, W) [F{*(AN)US-7 }(0D), W]

(qus 103D =W ‘d=,N

U 1090 =W ‘Pd =, W) [F{*(ANON}, D

(q Suv41 30 512 1qd 10 US

90 = W) [H(radD){ *(ANDWHDT M)

({2 (RaNDus }(poand])-sw

(us 10 3p = W) [*(Cud){ “(FANW 1d]
({2 (XINIDES Yo (,ngND)IPd }-suvs
(a4 10 us = W) [{ “(FANDW D (SH Db )pd}-sp0

[{*(“aN»po}

-HH(ODH *HOBWISQDN(*INIDRD ]

{2 (EaNDRO YHIT{ THOBPIWISQDN(TINRD }

<(10-")a1H (Po(CINDNISPIN HO }

9/¢ [{*(*aN)us JH(Poo THORPWISQIN(TINIDUS }1]

€

2 \\H

€1

[{(*CaNDUS Y (Cudd oD ma bsuva

[{2(aN)us ) (CyddDwdl-sw

[{ *(-aND1Dus }(oddpX 0Dl

[(us ‘ug O-1){ WIST(,ngN)us } 1yl



Ke1-X

L (Dz9'T “AAN D, Pue H, dI 5l [{ ,ngNC(CHD'HOS)BS} *(0DMD]
(uasqe =T ‘M =, W P HHHI)S=N
10 fydd ‘Ad “CON , 3ussqe =T ‘1D

LE ‘9¢ ‘81 @L9eT Ke1-xX WWN H, ¥l 5 LT =, W {(D*9¥T- "W H’D$)D}*(0D), NI
(- H°)(HD)S=N 10 1u3sqe =T ‘Y4 °HD 0

LE ‘9€ ANN H, ¥l o LT ud 13 W = ) {(D*aspo}*(00)0D]

S€ AWN H, I 1 (M 30 ol 1D =, ) [{ IS E(,naNDus } < (00), I
(uonnjos JH.L Ut SISTXd (M 100N ‘1D

1 1onppe JHI duswouow) Y] M | =, W) [F{(BIWNNINN-)us} £ (0D), W]

81 WWN H, I » il {AEDDCGaN»Ro}  (00IMm]
(“udNH 10 Ad qyuasqe =T ‘M = , N ‘Juasqe

81 AWN H, Al i =1 =W {(D*(CudNeD}*(00), NI

€€ $8'C Ker-X “WWN H, I € [(*4dus)*(OD)*H"D-1)1D]

[43 YN H, I 5.l (w10 1D =, W) {EHDIDCH D)D) (0D), NI
Kex-x (*dN 10, "YHD

1€ (¥)ee9t “ANN IS, PUe O, ‘H, I 1 ‘oW = ) [{ 4(PWD-k)en} (00)Mm]
(us 10490 = W ‘M =, ‘US 103D

7€ ‘It (DrIs'e Ke1-x “ANN D, Pue H; I 1 =W 1 =, W {1} *(00), W]

(Josmoord | ug) Ae1-x

L (£)€59T ‘1908QssQI US,, “AWN H, I 5l {(&d)(,ng)us}*(ODNO]

69 WNN US;, Pue H, ¥l I 04 10 5\ = ) [{*(“9HD)uS }* (CANDS)*(00)M]

8T ‘01 1oMEqSSQN US| WAIN H, A1 € (W 10 H = X) [{X*(“94HO)US }*(0O)*H Dk JoW]
(US=WONI0ID= N3D=N

6T ‘01 1oneqssQW U, YN H, I I ‘D =, W [H{*CAHOIN} (0D), Wisuvu
Ael-¥ (qd 10 ug = W ‘ON =, ‘qUS 103D

8T ‘LT ‘01 (97{ 4 ‘1oneqSSQ US| “WAN H, ¥l I =W D=, W [{FGIHIIN}*(0D), NI
(4H1 10 Ju3sqe = 1)

9z WWN H, VI 5 LT HD*9'v oW H DR} (0010D]

1Y WVN-N SHUSWWO)) adAL » Yo[durod

(SIS = ¥ ‘Qd 10 US 90 = W) S(YNIW ueys 1ayjo spuedr penuso-(Jy) [e1ou 1 dnoid Surureiuod saxajdwod (, ) [ersw uonisuel],

272

CHT1dVL



273

[43

[44

13 2ni 14
vy ‘e

w
6L

1v
6¢
6L ‘8€

ANWN US Pued,
@610°¢
(T)686C 2181S PIjOS oY) W
p(1)686°C SUBWIp ST
p(D)SE6'T pSat0ads oa1y-oseq ‘KRI-X I
Jos1nsaxd
AlUS ‘Aeire W-uS-— W Tedut] fi
@c1Le
(QzoLt Iosmooxd N ((s2ouelsip W-mM
(@s0s°C 1591104s) Ke1-X [

UAN 4, PUe H, I
UNN US,, PUe O dI
Al

AWN D, PUe H, dI
(ouswiAjod st sorads
9013-3s8q) uonnjos JH.L

ur a[qeIs YN S, Al

Al
Al

UNWN US,, PUE N, O, ‘H, I
1oneqssO US,

"IN USg, PUB dy Dy,

VAN H, A1

YWN US,, PUe N, ‘O, ‘H, I
NN US,, PR d - O,

YWN H, dI

"4

/1

U\ﬁ
s
ol

sl
!
U\.H

(Ydd=XUd=d ‘M= N SONIS=X W=

‘oW =, ) [{XD*(2ad)us Y (0DX *H D-1t), ]

(JHL Jo yussqe
=" {q OOl 10 ¢ I-E(FONIS)F H Db
“H* D =) [(DH H(OodX , Won }ad]

(M 101D =, W) [*{*(0D), N }us]

(q HHL 10 { YUISqE = T ‘US = ] ', 1UISQE = 7]
a0 = W) [{(D[(00MIN} *(0D)m]

(4D =, pue S = Y 10 ‘44 = pue 5

=410 YD IO =, = Y ‘M 10 O ‘1D
=, W) [({o( WoHY )D0}ES)* (0D), W]
[*({(*ud1sSO)*udrso-T)us } *(0D)m)]
[E({(SaISOX PapisO-1)us } S(0D)MD)]

(M 00N ‘D= W)
H{*(00)RI*(BNNDOMS} £(0D), ]

M 10 1D = W) {EHL*#HO)uS} £ (0D), ]
(qd 10 us = W ‘M 10 O ‘1D
N {EECHD0D)0I*(C*HO0D0N }$(0D), ]
101D =, W) [{*(SONuS}(0D), W]
(,ng 109 = ¥ ‘M I0 O 1D = W)
[F{Q*HO*HI NTHITHDONUS ) S(0D), W)l

[{*(z-*udd"H>D)us} (0D)M]
[{*O¥-Sng®HDUS}  (00)M]

(quasqe =T ‘ngN = X ‘Ad 10 Juasqe = T OWN I0

S ‘0 =X {(DX*(*HO*HOS)uS} *(0D)Mm]
[{udd*(FHO HOS)uS } *(0oMD]

(m 10 1 =, W) FAGrasMIDuUS) (00), W]
[{*(9'v'z — Sng T H*D8)us) *(0D)1D]



274

9 i 4 [(*{oua)HI(EWD0}us-"){*(0D)R4d}H
o= 4= d8D104d =4 °N

8y 1o0eqSSO o, I 2l = [(Ad)*{ (L WOHI W)D0}US)* (0DRA]
(D80¥'T (qus 10 3D =)

€9 @ovet Kea-x 4NN H, ¥l I [{*G-om-9'7-5ng*H°D0IN )} (0D)4]

**(£)0s9'T sa8puq ug

79 *(e)oL8T smowrwAse ‘Ker-X I T [2{*(*gHD)us- }(wddp-1)2(0D)*s0l
*(LTeLT (gs0 10 =, N)

I "(DSEL'T Ker-x 4 [*(*(aHD)us H0D")*(0D) NI

11 paysiqndun s[rejop ‘Aei-x z [F{ A (FaHD)us }(0D)Rd)]

8T ‘11 ‘01 100eqsSQW US, “AWN H, "dI z [{*(*qHD)us" }*{*(0DR4}]

19 (18s9°C Ke1-X “MWN H, 1 o1 [*(*4HD)° (00)“(H)us 5]
IaNBQSSON cm«._ { (W 0 H WO ‘1 19

0€ ‘8T ‘01 AN US;, PUe H, I € D A =X) [{X*(“IHIIuS }(0O)H Dk )e4]

8T ‘(®)o1 NI 1 [{F(CaHDUS I H DL oI H0D T NODX H D1 )R]
(DewrT 1os1noaxd (G(H=,39=4
09 ‘65 (V81T AN Kesre uN - U pue‘qd = g3 =,d=d 103N =1

‘S ‘pS (1woze Teauy] ‘Kes-¥ dI 12 ‘H =40 =W [*{%00) 474Dt )unN} NI

(Noe6v'T

(€, 24 24 GIN=dad=WN
@09TT Iosmoaxd W (s90UBISTP WU GIN=dUS=W PN 0 H= D =N)

LS=¥S MosTz 1853110Ys) Ker-X “di v/ [(H{H (00X d"H Dt)u rrﬁuawx ATHOuw]
(30 104d =4
pue s = ¥ ‘Ud 0D W =_d=4)

€5 Al i | [(*{o(,, M)oHDND0 JUS)(ODNSW " H Dt Ju ]

‘o Y)N-N gliztiniilvg] adAL ¢ Xodu10)

(penunuod) 7 41dV.L



275

‘satoads saij-oseg P

"xa[dwoo T paziqeis-aseq () [e1ew uonisuen) (K[9anocadssl ¢ 1o 7 ‘1 sadA ses) sreudordde ay) 03 19§21 10 T 1 sadAL
"pozLIgIORIBYS ABI-X UIAQ 9ABY YOTYMm SILIIS aY) JO 3soy) sareudisa(g a
"*HO*(d“Ud) = wddp SWOD HOODPI = HI®E ‘y-W-9T-5ng HD = IV ‘WIS = I :suonenaiqqy ,

89
St

L9

8T ‘TT ‘01
89
89 ‘8T ‘(®)01

s9

69

69

(D919
“*(1)089°C

“*(1)855°C
(0)¢8TT

() (DssT
D (DoLst
@) (29t

149 £:{9r4
p (DLTST

UNWN M, Pued . ‘H,

ANN g, PUB D, ‘H, Ul
Ker-y

MWNUS,, Pued, ‘H, ¥l
Ke1-y

NN Mg, PUR US,, d
Kv1-)

NN Mg, PUR US,,

Ke1-X "N US, , Pue D Ul

Al

ANNJ,

Ianeqssop us 611

ANWN d Pue H, I

YN, PUe H,

ANWN US, PUe d, ‘H,
audIp-¢‘I-eing

-IAyrouwnp-¢ ‘1 i urdden
J0smmoaxd AlUS 15 (31838 prjos ayy
ut JowIp padpLq-[AuoqIesost)

Ke1-X “UN D, PU® H, “dI
Josmoaxd
AMUS :(s30uURISIp US-9,q 159110Ys)
cASSW prjos ay3 Ul Jowrrp
PaBpLIq-[AuoqreoosnLel-x

NN U, PUe D ‘H, Al

1

v/1

[{*(o‘z-5ngf H*D0)us ) (Fyddnd]
[{ *(*aHDus}*(0ONd]
(N I0H =4 v NW'HD
=30 [Cgus) {2 qus(,, )o-7 } qus X 1ad)HNd]

[{ % (ovoR)ug-1 }2(fydd)*1d]

[“{ “(ovor)us }2(fqqdndl
(ug 30 ; 30 = W) [*({(,ngOX,ngO-" )W }*(OOINN)]
[{(aNISOX BaNISO-)us }E(OD)INT
E{H(CaHDUS I E"daXD 1 hd))-suva

(suv4p 10
522) [{ 2 CaHIDUS){ 2 (CaHD)uS Y E1ad)IDNd]
[{ 2(9°z-5na H®D0)uS o (CudDioyl-s»
[{*(*aHD)uS * (Cud DD l-s1

(*(00)0D 10 4 = X) [X{*(0D)0D }oD)]

[C{Z(0DX*H D1 )od}us) (0D)1D]

(q Ad 10 JH ¢, Yuasqe
=D [(D*{*(0OX H" DA }us)* (0D)]



276

also by an anionic base X’; the ligand 1\_4X2X’ results from insertion of
MX, into a transition metal (M’) M'-X’ bond. The first such Type 3
complex derived from an MX, precursor was [Mo(%-CH;)(CO);-
{Sn(CHR,),X}] (X = H or Me), described in 1974 [28].

Attempts have been made to obtain a dimetallastannylene or dimetalla-
plumbylene MX, in which X = M’L, (Type 4 behaviour). The only com-
pounds that have been made and well characterized to date in which the
metal M has an open-shell configuration are the lead(II) species of Scheme
5; the crystalline complexes have three-coordinated lead, and included
Pb[MoCp*(CO),],(THF) (there is evidence for the isoleptic Sn compound
[75]) and {Pb[MoCp*(CO);],}, (Cp* =n-CsMe;); they were reported in
1987 [9]. Other two- or three-coordinate main group 14 metal-M’L, com-
plexes are known in which M is in oxidation state +4, such as compounds 3
or 4 ((Mn] = [Mn(%n-C;H,Me)(CO),]) [54]. It is not inevitable that com-
plexes of type [M(M'L,);] have a cyclic three-membered M'MM’ ring
structure; indeed acyclic analogues have been made, one of which (see Fig.
1) is of mixed-metal type [69].

As the ligand X in MX, is in principle capable of acting as a leaving
group, it is possible that a compound MX, may behave as an X transfer
reagent (Type 5 behaviour). The reaction between the tin(II) amide and
[Ni(acac),], illustrated in Scheme 1, was established in 1987 [13].

R
e "
MQT GeNR, RyN CIO H

\\ /
CHy / \ DRy BN —— G°-7‘|f—-—Ge(NR2)2
N, Ny X

Si CHjp
Me)
(RzN)zGe// e /\\ \
CHy —SiMey
1 2
[Mn]
[Mn] ==Ge =<[Mn] [Mn]==Ge

(Mn]



277

Compound 1 is made from [{Ir(n-CgH4),(p-CD},] and Ge(NR,),;
treating 1 with carbon monoxide generates a further complex, 2; both
exemplify Type 6 behaviour, as noted in 1986 [14].

That a metylene may function as a chlorine-atom-abstracting reagent

(Type 7 behaviour) in a transition metal context was first observed in 1985

[12); thus [Sn(CHR,),Cl], was one of the products isolated from [{PtCl(p-
CI)(PEt,;)},] and Sn(CHR,),.

B. SYNTHESIS OF METYLENE-BASED TRANSITION METAL COMPLEXES

Typical reactions of a metylene MX, with a transition metal substrate
[M'L,X’] are illustrated in Schemes 2-8. The most intensively studied
reactions refer to the amides M(NR,), (R = SiMe;). In Scheme 2 selected
[M’L,X’] substrates are shown with M” ranging from a group 3 to a group
10 transition metal, in low or high oxidation state. It is envisaged that the
reaction pathway leading to any product of Scheme 2 invariably involves an
initial Type 1 complex 5; however, 5 may undergo rearrangement to yield
the Type 3 isomer 6, as a result of a 1,2-shift of an anionic ligand X from the
outer or inner coordination sphere of the transition metal M’ to M (eqn.

(1):

either
————————— [M'L, {M(NRy}]X’
Sa
[M'L,X"] + M(NRg); —— ML {M(NRp),X'}}
or 6
[M'L, {M(NRp)2}X']
sb (D

The transformation M(NR,), — 6 is a carbene-like (or CO-like) insertion
of MX, into an M'-X’ bond. The M(NR,), reactions leading to 5 or 6
demonstrate the ability of MX, to act as a metal-centred nucleophile or
substrate for insertion (Type 1 or Type 3 behaviour respectively). The
former mode shows that MX, has a transition metal reactivity analogous to
that of a tertiary phosphine or carbon monoxide.

The fact that MX, may function as a bridging ligand (Type 2 behaviour)
shows a further analogy with CO. The metylene MX, in its Type 2 reaction
may also be considered as acting as a reducing agent, in the sense that an
M(II) precursor is converted into an M(IV) product. A clearer example of
MX, as a reducing agent, although concomitantly as a ligand, is illustrated
in eqn. (2) [70]:

[Pd(cod)Cl, ] iaiidz_, [Pd{M(NR,), }] )
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A germanium or tin amide M(NR,), may function as an addendum for

oxidative addition to a low oxidation state transition metal substrate (cf.
8+ &

H—A oxidative addition and cyclometallation) whereby MX, gives rise to
a new hybrid bidentate ligand such as R,N(C)HMN(R)SiMe,CH, or
R2NMN(R)SlMe2CH2, each of which may behave in either a bridging or a
chelating fashion (see 1 and 2 [14]). A further example of such Type 6
behaviour is shown in eqn. (3) [68]:

2Sn(NR
1 {Ir(cod) (s-C1) )] 20082,

[ir{SnCI(NR ,)N(R)SiMe,CH, }(cod)H{Sn(NR,),}] (3)

Routes to dimetallaplumbylene complexes from Pb(NR,), are illustrated
in Scheme 5 [9]. Of the compounds listed, two have been X-ray char-
acterilzed, Pb[MoCp*(CO),],(THF) and {Pb[MoCp*(CO);][MoCp*(CO),-
(p-CO)1}, (O, Pb) (Cp* =1n-CsMes; THF = OC,Hy), both of which contain
a three-coordinate lead atom. In the latter compound there are unusual
isocarbonyl-Pb bonds, as illustrated in Fig. 2. Attempts to make the tin

[M*(CO)s{M(NR2)3}} trans-[M*(CO)4{M{NR2)2}»]
A Cp Me
M' = Cr, Mo, or W M' = Mo or W \s/
C."
K>
M = Ge or Sn [M*(CO)4(nbd)] Cp Y
[M*(CO)g] Sn(NRy)p

M = Ge or Sn M=S5
[ScCpa(n-MepAlMe; |

{[(Ni(ﬂ-NR2)(mc)}2] M = Sn

+ [Ni(acac)y} ref. 13 CHy Cl
#Sn(acac) & [{Pd(y-All)}p-Ch]] /! /
M(NRy)y = CH\——Pd
M = Sn or Pb N4 N
M' = PtJ] [M'(cod)Clp] e 5. 12 CHy M(NRy)»
—[Pt(cod){SnCI{NR2);},] refs. 5,
e e 22 M = Ge Sn [Pt(cod);]
or Pb M = Ge or Sn

tCI( u—Cl)(PEt:;)}z] [PYM(NR2)2}3]

[Pd{M'(NR2)2}3]
[FeCp(CO)X]

(RyN),CIM PEt3

PN

Pt

{MnBr(CO)s]

AN !
Et3 / MCI(NR2)2 [FeCp(CO)p{Sn(NRy)7X}] [Mn(CO)5{SnBr(NRp)2}]

X =F, I, or Me
Scheme 2. Some transition metal (M’) reactions of M(NR,), (R =SiMe,, Cp =4-C;H;,
All = 7-C,H;, nbd = norbornadiene, cod = cycloocta-1,5-diene, acacH = acetylacetone) (from
ref. 1 unless otherwise stated).
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[RhCI(PPh3)3]

MX; cis—{RhC{MX3)(PPh3);) [MXy = Sn(NRj)y, Ge(NRj)s, Sn(CHR3)p, or Sn(OAr);)

MXj = Sn(NR3z), MXj =

Sn(NR2)2 2HOAr
[Rh(CO)Cl{dppe)] -2HNRy trans~[Rh(CO)CI(PPh3),]
] sz = $n(NRp);
cis~[RhCI(PPh3),{Sn(OAr)}] )/sn(NRz)z

[Rh(COXdppe){SnCI(NR2)2 1] trans=[Rh(CO)(PPh3)»{SnCI(NR3)}] (unstable)

trans-[Rh(CO)(NR2XPPh3)] + 3{Sn(s~CIXNRp)]

Scheme 3. Some phosphinerhodium(I) complexes derived from MX, (MX,=Sn(NR,),,
Ge(NR,),, Sn(CHR,), or Sn(OAr),; dppe = (Ph,PCH,),, R = SiMe;, Ar = C4H;Bu%-2,6)
[68].

[Rh(cod(L){SnCI(NRa»}] —_____~=—— [Rh(cod)CI(L)] + Sn(NRp)y

L = LMe or PEt
[ e [Rh(cod)(LMe){SnMe(NR3)»}]

[Rh(cod)CI(L)]
[Rh(cod(LMe)(Me)]
Sn(NRp);
[(Rh(cod){u—Sn(NR2); HSnCI(NR2)2 } )21
[{Rh(cod)(p-CD)}2]

A
[Rh(cod)({Sn(NR2)p }r(s—~C1))]

Scheme 4. Some cycloocta-1,5-dienerhodium(l) complexes derived from Sn(NR,), (R=
SiMe,, LM¢ =:CN(Me)X(CH,),NMe) [68].

THF
Pb(NRy )y - Pb[Mon*(CO)3]2(OC4H3); Cp# = Cp, Cp”*, or Cp*
[MoCp#(CO)3H]

CsHy

{MoCp*(CO)3H] |CsHyz THF

[MoCp#(CO)3H]

10~2 Torr

THF
(Cp* = Cp*, Cp", or Cp)
v PhMe (Cp¥ = Cp*) \
${Pb[MoCp*(CO)312}2 7 Pb[MoCpHCO)3]p; Cp¥ = Cp, Cp”, or Cp"
(solid state) PhMe (Cpt = Cp®)  (solution state)

Scheme 5. Routes to some Pb(II)-Mo(0) complexes from {MoCp¥(CO);H] and Pb(NR,),
(R = Si.Me3, Cp = n-CSHS’ Cp‘ = ﬂ'CsMes, Cp” = ﬂ'CsH3R2'1,3) [9].
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2K[Mo}

- Cl3Sn[Moh*
/ (K to Sn) - 78 °C
2K[Mo]

$nCly # CISn[Mo]3*

(THF) (Sn to K) 25 °C
\ 2K[W]
= ClSn[W],

(Sn to K) 25 °C

*X—Ray
via CISn—Sn[M],
\
Ci

Scheme 6. Interaction of SnCl, and [MCp(CO),;]”™ (M = Mo or W, [Mo] = [MoCp(CO),],
(W] =[WCp(CO)3] [75]).

analogue from Sn(NR,), (R = SiMe,) failed, probably because the inter-
mediate dimetallastannylene was unstable with regard to oxidative addition;
the isolated compounds were the hydridotrimetallatin(IV) complexes
(Scheme 7) [75]. Alternative efforts at generating the dimetallatin(II) com-
plexes from SnCl, likewise led to tin(IV) products (Scheme 6); in this case
the reaction pathway might well have also involved a transient dimetallas-
tannylene which rapidly underwent insertion into one of the Sn—Cl bonds of
SnCl,.

A similar type of isocarbonyl-metal interaction has been found in some
polycarbonylchromium(0) and polycarbonyl-iron(0) complexes in which
Sn[FeCp(CO),], (abbreviated as SnFp,) may be considered as the putative
dimetallastannylene intermediate [69]; details are shown in Scheme 9.

C. REACTIONS

Various reactions of a complex containing a coordinated stannylene or
stannate(Il) anion are shown in Schemes 3, 5 and 9. These include the
conversion of a rhodium(I)-coordinated Sn(NR,), complex to the corre-
sponding Sn(OAr), derivative by treatment of the former with the phenol
ArOH (Ar = C;H,Bu’-2,6). Such a reaction represents a nucleophilic dis-
placement at tin in a Type 1 complex. Similar nucleophilic substitutions, but
in Type 3 complexes, are illustrated in eqn. (4) (X’ = F (via [NBu}]F), OMe
(via NaOMe) or H (via K[BHEt,})) [30]. [FeCp(CO),{Sn(CHR,),H}] un-
derwent H/Cl exchange at tin by reaction with aqueous HCl or PhCOCl
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2[MoJ-H, i ~  HSnMol,
AMoTIH. 1 HSnIMo"],

X-ray

SniNR,),
HSnlng
gl HSn[Ru];,
M'1H
via Sn(M’), —>- HSnIM'],

Scheme 7. Interaction of Sn(NR,), (R =SiMe;) and a transition metal hydride
[M’Cp(CO),H] (M’ = Mo or W), [Mo(5-CsH;R ,-1,3(CO);H] or [RuCp(CO),H] (abbrevia-
ted as [M'}H, [Mo”}H and [Ru}-H respectively). Reaction conditions: i, C¢H,4, 25°C; i,
C,H,,, reflux [75].

(also yielding PhCHO) [30]:

[FeCp(CO),{Sn(CHR,,),1}] ~Xs?[FeCp(CO),{Sn(CHR ,),X"}] 4)

The conversion of a Type 1 complex into a Type 2 complex by reaction of
the former with CO has already been cited in the context of the transforma-
tion of [M’{M(NR,),}5] into [(M’{3-M(NR;),}(CO));] (7) (M’ =Pd or
Pt, M=Ge or Sn) [15,25,70]). Likewise the Type 1/6 complex 1 was
converted with CO into the Type 3/6 complex 2 [14].

M =Fe, L =CO =L

[033(COY o p-H: 05, SnY p-H. 05, 05X p-SuR'2)) * [Fe(COMg(x-SnR"2))

vef. 61b  freflux {also from [Fey(CO)q] [10]}
t!gﬂ'he * #ooM
R
/o-_—c M = Fe, L = CO, L' = NCMe L4
~»  [Fey(CO)g(p-SR",
R'Sn 0s(CO)3 ref. 11 [Fea(COXtr 2l
~ -
Os(CO);
(0C)30s /
T~
\ H \
H MeOOCC), [M3(CO)g(L)L']
+ SnR*y \ M =z Ry, L = L' = CO or NCMe L4
ref. 610 [Ru3(CO)g(p-COYx-SnR*);]
ref. 11
$ ref. 62| M = Os
o cop »* L=H M =05, L = CO, L' = NCMe
3 e L= Hy- [O83(CO)g(u-COYp-SnR*
RipSn— 0s — c L P(OP-E)%I-:QPNZ ref. 11 WCONsSnia]
| CH,
OC);08 »n
/ \o% OMe

{033(CO)g(u-5nR"2)2(s~dppm)]
Scheme 8. Reactions of SnR’, (R’ = CHR,, R = SiMe;, dppm = Ph,PCH, PPh, with some
carbonyltrimetallic clusters of Fe, Ru or Os [11,61(a),61(b),62}; * X-ray.
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r -
o
Frgsn = \ iFpa
(OC)sFe c lb
1 | a
H c\ l —————— [Sn(Cl)yFp3]
o Fe(CO)y

Sn /
Fp J

[Fe(CO)4(SnFp3)] _C_’ [Fe(CO)4{SnFpa(py)H
Scheme 9. Some polycarbonylchromium(0) and polycarbonyliron(0) SnFp, complexes (Fp =
[Fe(n-CsHsXCO),]) [69]. Reagents: a, Na,[Fe(CO),]-1,5-dioxane; b, Na,[CHCO);}; ¢,

PhMe; d, — PhMe; ¢, py; f, [Cr(CO)s {SnCl,(THF)}].

2[W(CO)(S2CNR' 3 )2{Sn(CHRL )} 357

heat in CgHyg

8

/

OC)4Cr

f
1
2K[Fp] —P 3 c

N

*

FpySn /0\

C

Cr(COY4

Fpy J

[CH{CO)s(SnFpy)]

The complexes 7 underwent reversible one-electron electrochemical reduc-
tion in tetrahydrofuran at approximately —1.2 V to yield ESR-characterized
reduction products containing, in the case of the tin compounds, a Pd,Sn,
or Pt,Sn, core [25]. This was established by analysis of their frozen solution
ESR spectra, the samples being generated by controlled potential electrolysis
of 7 in the cavity of the spectrometer.

The dithiocarbamatotungsten(II) complexes 8, containing a dialkylstan-
nylene ligand, were partially desulphurized to yield the remarkable X-ray
characterized complexes 9 and 10 (eqn. (5)) [69].

D. STRUCTURE AND BONDING

The X-ray structures of some representative complexes are shown in Figs.
1-7. These include two examples showing the metylene ligand functioning in
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Fig. 1. X-ray structure of [{Cr(C0)4(u-C(5)}(San2)]2. 2PhMe (O,Cr) (toluene solvent not
shown: Fp = [Fe(n-CsH;XCO),]) [69]. Selected structural data: Cr-Sn 2.624(1) A, Fe-Sn
2.570 (1) and 2.550(2) A, Sn-O 2.976(7) A, Cr-CO(p) 1.862(9) A, p-C-O 1.166(2) A;
Cr-Sn-Fe 121.81(5)° and 121.46(4)°, Fe-Sn-Fe 115.74(4)°, O-Sn—Cr 98.5(1)°, Sn—-0O-C
169.4(7)°, Cr—-C-O(p) 176.9(6)°.

a Type 1 fashion (Figs. 1 and 5). Figure 3 illustrates the structures of two
Type 1”7 complexes [76,77]; although these are formally of structure cis-
[RhCI{M(NR,), }(PPh,),], they nevertheless reveal a rather close Cl- - - M
(M = Ge or Sn) interaction. Figures 4 and 6 exemplify structures of Type 3
complexes, while Fig. 7 refers to one of Type 2. X-ray data on a Type 4
complex are shown in Fig. 2 and similar information is also available for the
Type 6 species 1 and 2 [14].

From Table 2 it is evident that X-ray data are available on complexes
other than those having a bis(amido)metylene precursor, including
M(CHR,), and M(OAr™*), (R = SiMe;, Ar™® = C,H,Bu’-2,6-Me-4).

In Table 3 selected results are given on some typical [M'(MX,)L,]
complexes having X = CHR,, NR, or OAr™®; for comparison similar data
are provided on the parent monomeric metylene MX,. It can be noted that
there is no monotonic trend in either the XMX angle or the M—X bond
length as between MX, and [M'L,(MX,)].

Sn NMR chemical shifts of various SnX,-derived complexes are listed
in Table 4. They are of considerable diagnostic value, although no interpre-
tation of these data is proposed at this time.
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Fig. 2. X-ray structure of {Pb[Mon*(CO)3][M0Cp*(C6)2(u-CO)]}2 (O, Pb) (Cp* =17-
C;Me;) [9]. Selected structural data: Mo—Pb 2.935(1) and 2.989(1) A, Pb-O 2.918(8) A;
Mo-Pb-Mo 120.71(2)°.

Fig. 3. X-ray structure of cis-[RhCI{M(NR ), }(PPh;),] (M = Ge [76] or Sn [77], R = SiMe,)
[68]. Selected structural data for M = Ge (M = Sn in parentheses): Rh—-M 2.391(1) (2.564(1))
A, Rh—Cl 2.388(3) (2.418(3)) A, Rh-P 2.218(3) and 2.335(3) (2.210(2) and 2.296(3)) A, M—_N
1.881(8) and 1.849(9) (2.085(7) and 2.058(7)) A, M- - -Cl 2.723(4) (2.743(3)) A; M—Rh-Cl
69.46(9)° (66.74(6)°), M—Rh—P 103.47(9)° and 157.42(9)° (103.46(7)° and 156.83(7)°),
Cl-Rh-P 170.9(1)° and 88.5(1)° (168.86(9)° and 90.64(9)°), P-Rh—P 99.0(1)° (99.51(9)°),
Rh-M---Cl 5523(7)° (54.07(5)°), N-M---Cl 119.8(3)° and 91.3(3)° (117.92)° and
91.9(2)°).
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Fig. 4. X-ray structure of [Rh(ood)(PEt;,){SnCl(NRﬁ,}] (R = SiMe;) [68,78]. Selected struct-
ural data Rh-Sn 2. 647(1) A, Rh-P 2. 318(1) A, Rh-C 2.180(3), 2.18%(5), 2.229(5) and
2.252(5) A, Sn~Cl 2. 449(1) A, Sn-N 2. 120(4) and 2.099(4) A; Sn~Rh-P 91. 3(1)°, P~Rh-C
89.3(1)°, 96.0(1)°, 167.0(2)° and 157.1(1)°, Rh~Sn-N 113.7(1)° and 123.6(1)°, Rh-Sn~Cl
114.5(1)°, Cl-Sn-N 96.3(1)° and 95.3(1)°, N-Sn-N 108.7(1)°.

Fig. 5. X-ray structure of [Pd{Sn(N R3)2}a] (R =SiMe;) [70]. Selected structural data:
Pd-Sn 2.533(1), 2.540(1) and 2.517(1) A; Sn—-Pd-Sn 118. 82(4)°, 120.78(4)° and 120.40(4)°.
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Fig. 6. X-ray structure of trans-[Pd(CNBu’),{SnCI(NR,);},] (R =SiMe;) [13]. Selected
structural data: Pd—Sn 2.636(1) A, Pd—C 1.978(1) A, Sn—-N 2.083(7) and 2.075(8) A. Sn-Cl
2.406(3) A; Pd-Sn—Cl 112.57(7)°, Pd-Sn—-N 121.9(2)° and 109.9(3)°, Cl-Sn-N 93.9(2)°
and 100.1(2)°.

TABLE 3

Comparative structural data for selected group 14 metal(II) compounds MX, and some of
their transition metal complexes (A) ®

Compound MX, or (A) XMX (deg) (M=-X) (A) Ref.
GeR, 107(2) ® 2.042) ® 71
SnR’, 97(2) ® 222(2)° 71
[C(CO)5(GeR’)) 102.8(2) 1.98(2) 27
[Cr(CO)5(SnR%)] 98 2.18(1) 10(a)
Ge(NR,), 1019.5) b 1.89(1) ® 72
Sn(NR,), 96 °, 104.7(2) 2.09(1) b, 2.09(1) 73
[Pd{Sn(NR,), };] 107(1) 2.08(2) 70
[Pt{Sn(NR ), }5] 104(1) 219 12
Ge(OAr), 92.0(4) 1.80(2) 74
Sn(OAr), 88.4(2) 2.01(2) 74
eq{Fe(CO),{Ge(OAr), }] 93.52) 1.777(8) 63
eq-[Fe(CO),{Sn(OATr), }] 922(2) 1.974(15) 63

# Abbreviations: R” = CHR ,, R =SiMe,, Ar = C¢H,Bu)-2,6-Me-4.
° In the vapour (gas-phase electron diffraction); other data are for the crystal (X-ray).
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Fig. 7. X-ray structure of [(Pt{ i-Ge(NR,), }(CO));] (R = SiMe;) [15,80]. Selected structural
data: Pt-Pt, 2.735(2), 2.727(2) and 2.723(2) A, Pt-Ge 2.473(3), 2.482(3), 2.466(3), 2.481(3),
2.473(4) and 2.47%(4) A, Ge-N 1.87(2), 1.86(2), 1.89(2), 1.91(2), 1.88(2) and 1.93(2) A, Pt-C
1.77(3), 1.78(3) and 1.88(3) A.

From X-ray, NMR and IR data it is clear that in Type 1 complexes the
MX, ligand can be regarded as being not only an effective ¢ donor, but also
a powerful 7 acceptor. This is consistent with the complexes [Fe(CO),-
(M(OAr™),}] (M = Ge or Sn) having the MX, ligand in the equatorial
position in their trigonal bipyramidal structure [63]. They have the MO,
plane of M(OAr™®), tilted from the Fe(CO),,;,M plane by only 4.9° for
M = Ge or 5.2° for M = Sn. Likewise in octahedral complexes, including
[Cr(CO)s{Sn(CHR,), }], the conformation of the MX, ligand is such as to
maximize the possibility of # bonding to the transition metal (the plane
containing the methine carbon atoms, tin and chromium is coplanar with the
mutually axial COs and the CO trans to tin) [10].

From X-ray data for some rhodium(I) complexes, the relative trans
influence appears to be LM® = PEt, > SnCI(NR,), > Cl (LM =

: CN(Me)(CH,),NMe) [68].

ACKNOWLEDGEMENTS

M.F.L. is grateful to the colleagues cited in the references for their
effective collaboration. We thank the S.E.R.C. and B.P. Chemicals Plc (Hull)
for the award of a CASE studentship to R.S.R., and Dr. D.J. Gulliver for his
interest.



288

89 ds € v S18 L — SLL 1£3 ¢ [{F(ANIPWNUS } (o, IH PO ]
89 ds 3 v 09 SE8— SLL 09— ¢ [{FCEANDIDUS FE (Fudd X0 l-suva
89 cds € 14 6L 6€L— SLL 9¢ ¢ [{(FCEaNdIDus HeddpX00)wmil
89 295 19/¢ £ L6V 18T— LT 234 ¢ [(C9us) CudDipuylsw»
69 95 I € o €S- L ITL 881 3 [(Cus)*(BND%S) (00)M]
69 245 I € o Wws— LIt 7A s [(Ggus)* (FraNDs) (0o)ml
69 a5 A 14 - - (4 S€9) 9L 4 (KD E(0OX DR }us)* (0D)R4]
69 95 g4 x+¢ ~ - (4 5£9) 888 ¢ [(CEHLDH Y (0DXdDRA }us)* (0Dl
69 295 1 £ - - (,5¢9) vTL [(C{*(0oXdD)RA}us)* (0D ]
3 &5 € ¥ - 989 — w [T 43 sH=,X
(173 eds € ¥ - sy — w 1T L9T 3 9NO0 = ,X
ot a5 € 4 - g6 — w ITL 87T pI=.,X
3 cas € 12 - 6Ty — w LT 6T =X
o€ s £ 12 - oty — w 1T 13 sD=.,X
o cds € v - 66€— o 1TL 443 sd=,X
[(,x%dus)“(0oNdD)R Al
ug je uon 1 «dAL,, ‘ON L (s, puedry  xopdwo)
19y -ezIpugkH UONEUIPIOOd Ug PV Tev (us,, )9 punodwo)

Txug susjAuue]s B WOIJ PAUIP spuedy panuso-un urureiuod saxdopdwod [e1ow uonisues) Ioj , eiep YWN US

611
Y 4149VL



289

€ odKL A[renussss st JUSWIUONAUS US 91 05 ‘puoq [J—I] 3y} oyt paysosut st CHOBWISQDN(SANDIDUS puedy 9 adA[ oYy, , "peuodar
0N -ojdures apnio uo ejEp PN JO SISBq 3Y) UO paudisse KPANLIUL) dIMPNNg s ‘suwaed 3undnoo uo poseq judwuBisse sAneEPy b
"PAA[OSSI 10N 4 "POAISSQO 10N ,, “Umouy jou st [ust{Z(0OXdDRA}] ‘STl [F1DuS*{*(0OXNdD)RA}] 105 anfeA |, ‘[81] uonnjos ur sounp
10y pauiodar anfep , | SWOYIS Ul peynuspl are 9—1 sadA], | ZuH Wl £ syuesuoo Buridnoy |, Kousnbaiy 1ayBry 01 syrys aanisod “apus 01
sapepas wdd ut @ fsuon[ol/ Bp-ouaniol 401  ‘(pareurpiood A[qewnsaxd) 3p-JH, |, ‘Ep-oudnior | Op-ouazuUsq 4 :PISN IOM SIUIA[OS SUIMO[O]
o1 pautodax Jou | pue Y €€ , PUe ) €61 , M €LT , 1d90%e aImeradwd) JUSIqUE 18 pUE ZHW £'€6 o 190X ZHIW €pE] 18 pIpIody

‘(puesn)g — (xo[dwiod)g = ey SN (*HONOMNIND: = o1 ‘OIS = A ‘THHD =, :SUOHEBASIQQY

oL
oL
89
89
89
89
89
89
89
89
89
89

()pds

& &

ds

ds

&

Mmoo MmN NN NN
&

T~
\o\ ~
NN B -

:M!

Sttt TTOAT AN NN

168C1
vL8LT
05991

§S9
or8
098
876

101
or
o1t
881
8¢S —
pss —
61v —
896 —
LS9 —
1€9—
6LL—
L8L—
008 -

oL —
SLL
SLL
SLL
SLL
SLL
SLL
SLL
SLL
SLL
SLL
SLL
SLL

109—
S18
688
£96
LeT
1T
9s¢
€61 —
811
144"

v —
[4 5
sT—

rq [F{F(ovor)ug Yo (*ygand]
»3 [F{{(TaN)us)pd)

o2 F{F(CaN)us hd]

o [(F(ANDuS }o (Fuddnd]

o FECAN)uS H E(AaNDus- }1oap)]
¢ [{F(XAN)uS) H(poo)

-{THOBPIWISDN(FINDUS 1)
wr [FFCANDIDES])

-{2(*9NDus-7 }(pooyry)]

o [{1D }{F(TaN)us } X poo)qy]

o {F(EANDIDUS}(E1ad Xpoo)n]

¢ [{ECGANDIDUS } o) THPOO)Y]




290

REFERENCES

10

11
12
13
14
15
16
17

18
19

20

25

26
27

M.F. Lappert and P.P. Power, J. Chem. Soc., Dalton Trans., (1985) 51.

M.F. Lappert, Rev. Silicon, Germanium, Tin Lead Compd., 9 (1986) 129; Chem. Abstr.,
107 (1986) 23372g.

W. Petz, Chem. Rev., 86 (1986) 1019.

D.H. Harris and M.F. Lappert, J. Chem. Soc., Chem. Commun., (1974) 895.

P.B. Hitchcock, M.F. Lappert and M.C. Misra, J. Chem. Soc., Chem. Commun., (1985)
863.

A. Tzschach, K. Jurkschat, M. Scheer, J. Meunier-Piret and M.J. van Meerssche, J.
Organomet. Chem., 259 (1983) 165.

T.J. Marks, J. Am. Chem. Soc., 93 (1971) 7090.

M.D. Brice and F.A. Cotton, J. Am. Chem. Soc., 95 (1973) 4529.

G.W. Bushnell, D.T. Eadie, A. Pidcock, A.R. Sam, R.D. Holmes-Smith, S.R. Stobart, E.T.
Brennan and T.S. Cameron, J. Am. Chem. Soc., 104 (1982) 5837.

P.B. Hitchcock, M.F. Lappert and M.J. Michalczyk, J. Chem. Soc., Dalton Trans., (1987)
2635.

(a) J.D. Cotton, P.J. Davidson and M.F. Lappert, J. Chem. Soc., Dalton Trans., (1976)
2275.

(b) 1.D. Cotton, P.J. Davidson, M.F. Lappert, J.D. Donaldson and J. Silver, J. Chem.
Soc., Dalton Trans., (1976) 2286.

C.J. Cardin, D.J. Cardin, G.A. Lawless, J.M. Power and M.B. Power, J. Organomet.
Chem., 325 (1987) 203.

T.A K. Al-Allaf, C. Eaborn, P.B. Hitchcock, M.F. Lappert and A. Pidcock, J. Chem. Soc.,
Chem. Commun., (1985) 548.

E. Arpac, P.B. Hitchcock, H.A. Jasim, M.F. Lappert and L. Linford, unpublished results,
1987.

S.M. Hawkins, P.B. Hitchcock, M.F. Lappert and A.K. Rai, J. Chem. Soc., Chem.
Commun., (1986) 1689.

M.C. Misra, D. Phil. Thesis, University of Sussex, 1986.

D.J. Patmore and W.A. Graham, Inorg. Chem., 5 (1966) 140S.

P.S. Pregosin and S.N. Sze, Helv. Chim. Acta., 61 (1978) 1848.

P. Jutzi, W. Steiner and K. Stroppel, Chem. Ber., 113 (1980) 3357.

K.M. MacKay and B.K. Nicholson, in G. Wilkinson, F.G.A. Stone and EW. Abel (Eds.),
Comprehensive Organometallic Chemistry, Vol. 6, Pergamon, Oxford, 1982, pp. 1043
1114.

T.J. Marks and A.R. Newman, J. Am. Chem. Soc., 95 (1973) 769.

G.W. Grynkewich, B.Y.K. Ho, T.J. Marks, D.L. Tomaja and J.J. Zuckerman, Inorg.
Chem., 12 (1973) 2522.

G. Butler, C. Eaborn and A. Pidcock, J. Organomet. Chem., 181 (1979) 47.

W.-W. du Mont and B. Neudert, Angew. Chem., Int. Ed. Engl., 19 (1980) 553.

S.M. Hawkins, D. Phil. Thesis, University of Sussex, 1985.

S.M. Hawkins, P.B. Hitchcock and M.F. Lappert, J. Chem. Soc., Chem. Commun., (1985)
1592.

G K. Campbell, P.B. Hitchcock, M.F. Lappert and M.C. Misra, J. Organomet. Chem., 289
(1985) C1.

P. Jutzi and W. Steiner, Angew. Chem., Int. Ed. Engl., 16 (1977) 639.

M.F. Lappert, S.J. Miles, P.P. Power, A.J. Carty and N.J. Taylor, J. Chem. Soc., Chem.
Commun., (1977) 458.



291

28 1.D. Cotton, P.J. Davidson, D.E. Goldberg, M.F. Lappert and K.M. Thomas, J. Chem.
Soc., Chem. Commun., (1974) 893.

29 M.F. Lappert, S.J. Miles and P.P. Power, J. Chem. Soc., Chem. Commun., (1977) 458.

30 P.B. Hitchcock, M.F. Lappert, M.J. McGeary and R.V. Parish, J. Organomet. Chem., 373
(1989) 107.

31 P. Jutzi, B. Hampel, M.B. Hursthouse and A.J. Howes, J. Organomet. Chem., 299 (1986)
19.

32 P. Jutzi, B. Hampel, X. Stroppel, C. Kriiger, K. Angermund and P. Hofmann, Chem. Ber.,
118 (1985) 2789.

33 Y.T. Struchkov, K.N. Anismov, O.P. Osipova, N.E. Kolobova and A.N. Nesmeyanov,
Proc. Acad. Sci. USSR, 172 (1967) 15.

34 W. Petz, J. Organomet. Chem., 165 (1979) 199.

35 M. Veith, H. Lange, H. Braeuer and R. Bachmann, J. Organomet. Chem., 216 (1981) 377.

36 P. Jutzi, W. Steiner, E. Koenig, G. Huttner, A. Frank and U. Schubert, Chem. Ber., 111
(1978) 606.

37 P. Jutzi and W. Steiner, Angew. Chem., Int. Ed. Engl., 15 (1976) 684.

38 P.B. Hitchcock. M.F. Lappert, B.J. Samways and E.L. Weinberg, J. Chem. Soc., Chem.
Commun., (1983) 1492.

39 W.-W. du Mont, cited in ref. 3.

40 A. Zschunke, M. Scheer, M. Voltzke, K. Jurkschat and A. Tzschach, J. Organomet.
Chem., 308 (1986) 325.

41 U. Baumeister, H. Hartung, K. Jurkschat and A. Tzschach, J. Organomet. Chem., 304
(1986) 107.

42 K. Jurkschat, H.-P. Abicht, A. Tzschach and B. Mahieu, J. Organomet. Chem., 309 (1986)
C47.

43 G.K.-1. Magomedov, L.V. Morozova, V.S. Nikitin, T.A. Shestakova and N.M. Bizyukova,
J. Coord. Chem., 8 (1981) 558.

44 G.K.-1. Magomedov and L.V. Morozova, J. Gen. Chem. USSR, 51 (1981) 1967 (English
translation).

45 G.K.-1. Magomedov, G.V. Druzhkova, Y.I. Markova and L.V. Morozova, J. Gen. Chem.
USSR, 55 (1985) 815 (English translation).

46 M. Grenz and W.-W. du Mont, J. Organomet. Chem., 241 (1983) C5.

47 A.B. Cornwell and P.G. Harrison, J. Chem. Soc., Dalton Trans., (1975) 1486.

48 A.B. Cornwell, P.G. Harrison and J.A. Richards, J. Organomet. Chem., 76 (1974) C26.

49 G. Huttner, U. Weber, B. Sigwarth, O. Scheidsteger, H. Lang and L. Zsolnai, J.
Organomet. Chem., 282 (1985) 331.

50 O. Schneidsteger, G. Huttner, K. Dehnicke and J. Pebler, Angew. Chem., Int. Ed. Engl.,
24 (1985) 428.

51 G.K.-1. Magomedov, L.V. Morozova and Y.I. Markova, J. Gen. Chem. USSR, 53 (1983)
1515 (English translation).

52 H.H. Karsch and A. Appelt, J. Organomet. Chem., 312 (1986) C6.

53 A.B. Cornwell and P.G. Harrison, J. Chem. Soc., Dalton Trans., (1976) 1054.

54 W. Gide and E. Weiss, J. Organomet. Chem., 213 (1981) 451.

55 D. Melzer and E. Weiss, J. Organomet. Chem., 263 (1984) 67.

56 W.A. Herrmann, Angew. Chem., Int. Ed. Engl., 25 (1986) 56.

57 W.A. Herrmann, H.-J. Kneuper and E. Herdtweck, J. Am. Chem. Soc., 109 (1987) 2508.

58 (a) S. Onaka, Y. Condo, K. Toriumi and T. Ito, Chem. Lett., (1980) 1605.
(b) S. Onaka, Y. Condo, M. Yamashita, Y. Tatematsu, Y. Kato, M. Goto and T. Ito,
Inorg. Chem., 24 (1985) 1070.



292

59 (a) J.D. Korp, 1. Bernal, R. Hérlein, R. Serrano and W.A. Herrmann, Chem. Ber., 118
(1985) 340.
(b) W.A. Herrmann, J. Weichmann, U. Kiisthardt, A. Schiifer, R. Hérlein, C. Hecht, E.
Voss and R. Serrano, Angew. Chem., Int. Ed. Engl., 22 (1983) 979.

60 W.A. Herrmann, H.-J. Kneuper and E. Herdtweck, Angew. Chem., Int. Ed. Engl., 24
(1985) 1062.

61 (a) C.J. Cardin, D.J. Cardin, H.E. Parge and J.M. Power, J. Chem. Soc., Chem. Commun.,
(1984) 609.
(b) CJ. Cardin, D.J. Cardin, J.M. Power and M.B. Hursthouse, J. Am. Chem. Soc., 107
(1985) 505.

62 R.A. Bartlett, C.J. Cardin, D.J. Cardin, G.A. Lawless, J.M. Power and P.P. Power, J.
Chem. Soc., Chem. Commun., (1988) 312.

63 P.B. Hitchcock, M.F. Lappert, S.A. Thomas, A.J. Thorne, A.J. Carty and N.J. Taylor, J.
Organomet. Chem., 315 (1986) 27.

64 A.B. Cornwell and P.G. Harrison, J. Chem. Soc., Dalton Trans., (1975) 2017.

65 A. Castel, P. Riviére, J. Satgé, J.J. Moreau and R.J.P. Corriu, Organometallics, 2 (1983)
1498.

66 M. Grenz, E. Hahn, W.-W. du Mont and J. Pickardt, Angew. Chem., Int. Ed. Engl,, 23
(1984) 61.

67 J.F. Almeida, K.R. Dixon, C. Eaborn, P.B. Hitchcock, A. Pidcock and J. Vinaixa, J.
Chem. Soc., Chem. Commun., (1982) 1315.

68 R.S. Rowe, D. Phil. Thesis, University of Sussex, 1988.

69 P.B. Hitchcock, M.F. Lappert and M.J. McGeary, unpublished results, 1988.

70 P.B. Hitchcock, M.F. Lappert and M.C. Misra, J. Chem. Soc., Chem. Commun., (1985)
863.

71 T. Fjeldberg, A. Haaland, B.E.R. Schilling, M.F. Lappert and A.J. Thorne, J. Chem. Soc.,
Dalton Trans., (1986) 1551.

72 T. Fjeldberg, H. Hope, M.F. Lappert, P.P. Power and A.J. Thorne, J. Chem. Soc., Chem.
Commun., (1983) 639.

73 M.F. Lappert, P.P. Power, M.J. Slade, L. Hedberg, K. Hedberg and V. Schomaker, J.
Chem. Soc., Chem. Commun., (1979) 369.

74 B. Cetinkaya, I. Guimriikcii, M.F. Lappert, J.L. Atwood, R.D. Rogers and M.J. Zaworotko,
J. Am. Chem. Soc., 102 (1980) 2088.

75 P.B. Hitchcock, M.F. Lappert and M.J. Michalczyk, unpublished results, 1987.

76 P.B. Hitchcock, M.F. Lappert, R.S. Rowe and N. Sarjudeen, unpublished results, 1988.

77 R. Bohra, P.B. Hitchcock, M.F. Lappert and R.S. Rowe, unpublished results, 1988.

78 M.F. Lappert, G. Miiller and R.S. Rowe, unpublished results, 1988.

79 M.F. Lappert, E.L. Weinberg and R.E. Taylor, unpublished results, 1986.
E.L. Weinberg, M.Phil. Thesis, University of Sussex, 1983.
R.E. Taylor, D.Phil. Thesis, University of Sussex, 1989.

80 P.B. Hitchcock, M.F. Lappert and M.C. Misra, unpublished results, 1987.

81 M. Veith, L. Stahl and V. Huch, Inorg. Chem., 28 (1989) 3278.

82 J.T.B.H. Jastrzebski, P.A. van der Schaaf, J. Boersma, G. van Koten, D. Heijdenrijk, K.
Goubitz and D.J.A. de Ridder, J. Organomet. Chem., 367 (1989) 55.



